Attitude tracker by Billingsley, F. C.
8.7 ATTITUDE TRACKER 
Fred C. B i l l i n g s l e y  
Pasadena, C a l i f o r n i a  91109 
J e t  Propuls ion Laboratory, C a l i f o r n i a  I n s t i t u t e  o f  Technology 
L ine  array sensors produce data which has no inherent  geometr ical  c o n t i n u i t y .  
Hence, any p l a t f o r m  a t t i t u d e  v a r i a t i o n  w i l l  be evidenced as a d i s t o r t i o n  when 
t h e  data l i n e s  are d isp layed i n  the  normal Car tes ian r a s t e r .  A n c i l l a r y  sensing 
i s  requ i red  t o  e s t a b l i s h  the p l a t f o r m  a t t i t u d e  t o  a l l o w  geometric r e c t i f i c a t i o n .  
This i s  normal ly  prov ided by i n e r t i a l  or s t a r  reference a t t i t u d e  sensors. 
However, i n  the absence of  such sensors o r  i f  performance o f  them i s  degraizd, 
t h e  r e q u i r e d  a t t i t u d e  i n f o r m a t i o n  i s  l o s t .  
A strawman sensor design i s  proposed which u t i l i z e s  small  image areas 
on the  ground t o  p rov ide  a s e r i e s  o f  motion vectors w i t h  which t h e  p l a t f o r m  
a t t i t u d e  can be tracked; t h i s  a l lows the  d i s t o r t e d  image rece ived by the  normal 
image l i n e  sensor t o  be r e c t i f i e d .  
THE PROBLEM 
Future sensors o f  the  l i n e a r  a r ray  type w i l l  r e t u r n  l i n e s  o f  data which 
are  independent i n  the sense t h a t  t h e r e  i s  no data t i e  between them. I t  i s  
essent ia l  f o r  mapping and s tereo work t h a t  the data l i n e s  used f o r  ana lys is  
be i n  p r e c i s e l y  the  c o r r e c t  geometr ical  p o s i t i o n .  If the sensed image l i n e s  
are  n o t  i n  the c o r r e c t  pos i t ions ,  i n t e r p o l a t i o n  o r  o t h e r  compensation must 
be used before ana lys is .  But t h e r e  i s  no in format ion i n  the data as planrled 
t o  measure the correctness o f  p o s i t i o n ;  'pos i t ion  accuracy depends on p l a t f o r m  
a t t i t u d e  accuracy f o r  a s u f f i c i e n t l y  long  per iod.  Ant ic ipa ted  spacecraf t  
c o n t r o l  parameters w i l l  be (mars ina l l y )  adequate if a l l  i s  p e r f e c t ,  b u t  there  
i s  n o t  niuch to lerance f o r  degradation, n o r  any planned way t o  work around 
degradations. The use o f  ground c o n t r o l  po in ts  w i l l  be necessary f o r  p rec ise  
t i e  t o  the ground, b u t  w i l l  be clumsy f o r  cont inued use f o r  the  s te reo  t rack ing ,  
and, i n  any event, surveyed ground c o n t r o l  p o i n t s  w i l l  n o t  be a v a i l a b l e  f o r .  
many areas. The problem i s  exacerbated w i t h  an a i r c r a f t  p l a t f o r m  due t o  the  
ub iqu i tous  a t t i  tude i n s t a b i l i t y .  
WHAT is NEEDED 
What i s  needed i s  a system f o r  analyz ing the  p la t fo rm mot ion as r e f l e c t e d  
i n  the  ground d i s t o r t i o n s ,  which may be used t o  1 )  v e r i f y  p l a t f o r m  s t a b i l i t y  
and 2 )  prov ide the data f o r  c o r r e c t i n g  the  geometric aspects o f  the image 
l i n e s ,  e i t h e r  i n  p a r a l l e l  w i t h  the expected good performance o f  a spacecraf t  
p l a t f o r m  o r  t o  compensate f o r  degraded performance. I d e a l l y ,  the  system 
would be usefu l  on board, b u t  ground c a l c u l a t i o n s  and c o r r e c t i o n  would be 
acceptable.  
System, b u t  the  system should a l l o w  (perhaps degraded) use w i t h o u t  these. 
Maximum use should be made o f  the GCPs and the Global P o s i t i o n i n g  
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STRAWMAN SOLUTION 
A system f o r  p rov id ing  the data f o r  se l f - t rack ing  could be designed as 
follows: As p a r t  o f  a separate sensor boresighted t o  the imaging sensor, a 
se t  o f  small square image areas of ,  say 64 x 64 o r  128 x 128 p ixe ls ,  arranged 
as sketched (Figure 1) i s  imaged on t o  a se t  o f  area array detectors. All 
are read out simultaneously i n t o  a set  o f  memories. 
placement between i t  and a orevious image, taken a few image l i n e s  prev ious ly  
i s  determined. The sequential se t  
o f  displacement vectors may bt used 
t o  model the p la t fo rm a t t i t u d e  v a r i -  
a t ions,  and t o  generate the geometric 
cor rec t ion  parameters. The re1 ated 
software w i l l  have t o  br idge gaps 
i n  the displacement vector sequence 
due t o  clouds o r  o ther  noncorrelat ion,  
arld t o  operate i n  areas of t e r r a i n  
re1 i e f .  
For each area, the d is -  
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Data analysis fo l lows the w e l l  known stereo compi lat ion p r inc ip les .  The 
e f f e c t s  as seen i n  normal stereo comr i la t ion  p rac t i ce  dre given i n  Figures 
2 and 3 ( f rom D. H. Alspaugh, "Stereo Compilation and D ig i t i z i ng , "  Proc. L a t i n  
American Technology Exchanqe Week, Panama City, May 1979, p. 314). 
Figure 2. Image Comparison 
i s  Equivalent t o  Stereo 
Compilation. 
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I n  the eventual instrument, the data processing would be se l f -conta ined 
(Figure 4), so t h a t  on ly  the der ived a t t i t u d e  parameters would be t ransmi t ted  
o r  u t i  1 i red .  
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Figure 4. Data Processing Block Diagram and Timing 
Lcckheed (l * *) has b u i l t  a phase plane comparator, i nc lud ing  the FFT, 
which operates i n  1/30 second. 
t h i s  p a r t  o f  the processing t o  be time-multiplexed. 
Incorporat ion o f  t h i s  approach could a l low 
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It nay be necessary t o  incorporate a L:DAR o r  equiva lent  sensoi t o  
determine the instantaneous a l t i t u d e .  
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